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pteroylpolyghitamaie hydrolase was solubtlized 
with Triton X^lOO from human Jejonal mucosal brush 
borders and puriHed approximately 5,00<KfoId using 
organomercorial affinity chromntogrsphy* DEAE-cel- 
ittlose chromatography» and gel filtration^ IT he appar* 
' ent moieeuiar weight of the purified en^me in the 
Triton micelle was estimated as 700,000 nsing Blo-Oel 
A- 1. dm gel filtration. Sodium dodecyi sulfata/urea^ 
polyacrylamide gel electrophoresis followed by Coo- 
massie stain demonstrated two polypeptide bands at 
140,000 and 115,000 daltons. The puriHed enzyme 
had an isoeleetric point of 7.2, was maximally active 
at pH 5*3, and was stable above pH 6.5 and at temper- 
atures up to 65 ^C for at least 00 min. Human jejunal 
brush^border pteroylpolyglutamate hydrolase is an ex- 
opepUdase which liberated [^HinGlu as the sole labeled 
product of PteGlusI^^ClGla <where PteGln« represents 
pUroylp^ygltttamate), failed to liberate a radioactive 
produce fVom PteGludl'H^GIuLeua, and released all 
possible labeled PteClu« products during incubation 
with Pte{'^C]GloGltt« with the necttmulatlon of PuC*Cl 
Gla. PteGlo^* PteGlua» and PteGlut were sabsirates* 
each with Km » 0.6 mM, whereas PteGIu was a weak 
Inhibitor of the hydrolysis of PteGlu» with K$ » 20 i»M. 
Components of the pteroyl moiety, Glu* and short chain 
Gttt. la a or Y Unkages were not inhibitory. The enzyme 
was activated by Zn^ or Co'^* The properties of bmsh*^ 
border pteroylpolyi^ntamate hydrolase are different 
those described for the soluble intracellnlar pter- 
oylpotyglutamate hydrolase in other qiecies and in 
human mticosa* yet are conirfstent with previous data 
■ on the process of hydrolysis of PteGIu. in the intact 
human Intestine. 



During tite process of Intsstinal abeotption, pteroylpolyglu- 
tamstes (PteGlu«,^), the predominant fonns of dietary folates 
(1), are hydrotyxed to their pteroylpolygiutsmate (PtaClu) 
derivatives, which are then transport^ across the jejunal 
mucosa (2). The hydrolytic enzyme pteroylpolyglutamate hy* 
droiase has been found in human intestinal mucosa in several 
hundred-fold greater activity than in bUe» pancreatic^ or in* 
traluminal fluids (3). Using human jejunal mucosa from pa* 
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Uenta undergoing elective jejunoileal bypass surgery, this lab* 
oratoiy demonstrated two separate intestinal mucosal pter< 
oylpolyglutamate hydrolases wHh distinct pH optima, inhi- 
bition characteristics^ and molecular size: one intracellular 
and the other located in the bruah-bordef fraction (4)* The 
presence of pteroylpoiyglutamate hydrc^ass activity in human 
jejunal bnish4>order membranes can account for the recovery 
of products of Pte[^^]GIuGlu< hydrolysis In intestinal aspi* 
rates obtained during in vwo human jejunal perfusion of this 
compound (5). Thus, brush-border pteroylpolyglutamate hy* 
drotase may play a principal role in the digestion and intes- 
tinal absofptioa of dietafy folatesi The ol^eddveof the preaeat 
stu4y was to purify and diaractstise pteroy^lyglutamate. 
hydrc^ase in the hrush-bovder membrane of human jejunal 
mucosa. 

BXPERIUENTAL PROOEDUBES* 
RBSOtTS 

Physkai CAomctensrics^Table 1 summarizes the purifies-^ 
tion of bruah-bordcr pteroy^^glutamate hydrolase from 
human jejunum. The presence of 0.1% Triton X- 100 was 
Te<iuired at each step to maintain enzyme solubilization. The 
Triton micelle containing pteroy^ly^utamate hydrolase 
eluted in a sharp peak fifom the Bio-Gel A-1.5m column at a 
position oorresporiding to ah apparent moleculsr weight of 
700,000. This contrasta with the previously reported moleeu* 
lar weight of 90,000 for this enzyme, which was based on a 
less pure enzyme preparation in whidi brush-border pteroyl* 
polygiutamate hydrolase activity appeared near the void vol- 
ume of a Sephadex G-200 colunm (4). Sodium do<teQrl sulfate/ 
urea*potyacrylamlde gal electrophoresis of the Bio-GeE A-1.5m 
sample revealed two polypeptide bands after Coomassie BliM 
staining, with mobtlittes oorrespon<hng to 146,000 and 115,000 
daltoiw (Fig. 1). An additional band appeared at 185,000 
daltons with aiJver staining. Either the Bio-Gel A*I.5m frac> 
tion or the DEAE<sttulose column fracUon was used for the 
kinetic studies reported in tliis paper. 

Isoelectric . focusing of brush-border pteroylpoiyglutamate' 
hydrolase yielded a pi of 7.2. The empyme was stable at pH 
6.5 and above for at least 90 min (Fig. 2A }. Mazimtmi activity 
of the purified enzyme occurred at pH 5.5 using a 15-miii 
incubation in 3,3-dimethylglutarate buffer (Fig. 2B% This 
contrasts with the previously reported pH maximum of 6.5 
using a less pure enzyme sample (14). Assays were routinehr 

' *'Experimental Procedures* arc presented in miniprint at the end 
of thla paper. Miniprint is easily rasd with the aid of a standard 
maptifying glass. Full size photocopies are avsHabte from the Journal 
of Biological Chemistry, 9650 HockviQe Pike, Bethesda, MD 20%1A. 
Request Document No. 85M*1007, cite the autiiora, and include a 
check or mortey order for $2.00 per set of photocc^kfs. Full site 
photocc^ies are also inchided in the nucrofilm edition of the JourtuU 
that is available from Waverly Presa. 
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Pic. 4. PCeroylgluiaomte reaction products of bmsli'border 
puroylpolyghitomate bydrolase. FartUUly purified eniyino was 
incubated in 12 ml of 22 Pte{'^C|GluGlu« and 50 /cM tine Acetate . 
with 20 mM phoapbate bulfar <pH 6.5). The reaction mixtures were 

incubated with 2 milHonite of enzyme for 1 h (— ^) end 3 b ( ) 

and with 16 milliuniu for 2 b (-* ) (equivalent to 16 h of incubation 
with 2 milliunits of enzyme). Bacb reaction was tennlnated by dilu* 
tton with 100 ml of cold 5 nui phoapbate buffer <pH 7.0) containing 
0.1 mM HgQ, and 0.S iAmoi of PteGlu» and 0.4 nCi of i*H]Pte01u aa 
markera. The aamplea were then applied to 0.7 X 35-cm DEAB- 
ceHuloae columns equilibrated witb 5 mM phosphate buffer (pH 7.0). 
The produete were eluted with a d*l'-0.6 M NaCl gradient in l-liter 
total volume. Radioflcti vity was detected uaii^ a acinUUatioB counter. 




Fig. 5. Competitive inhibition of PteGlu* hydrolyala by 
PteGluf. The initial velodtiee at varied concentrationa of Pte- 
Glu9r*C)Glu in the presence of different fixed concentrationa of 
PteGlur were determined in stendard reaction miaturea. The reac- 
tions were aterted by the addition ^f en^me. Date were plotted as 
initial vslocity*-* oersua [PteGlU|]*>. Sk^M la the slope of the primary 
plot lines, XfM is the Jc intercept of the primary plot. 

Table II 

Substrate affinitSes c/ brush'^iordtr piMroylpofygbiiamQte hydrolase 
The for PteGlui was determined from a Lineweavcr-Buric plot. 
The other values »ers determined from inhibition studiea of PteGln» 
hydrolysis. . 
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a competitive inhibitor of PteGluj hydrolysis but bad a fC of 
20 fiM. These kinetic consUnta are summarized In Table II. 

Studies of the effects of various PteGlu„ moieties on pter- 
oylpolygJutamate hydrolase activity suggested that the brush- 
border enzyme is a 7'Ca»boxypeptidas« which appeared to 
require the presence of the pteroyl terminus of the substrate. 
More than SS% inhibition of the standard reaction was seen 
with 0.1 mM PteGlu, or PteGluT. PteGlu at 0.1 mM caused 
17% inhibiUon. Substituted and reduced PteGlu or p-amino- 



benzoytglutemate did not inhibit at 0.1 mki but caused 30% 
inhibition at 1.0 mM. Other componente of the pteroyl moiety, 
including p-aminobenzoate, N«benzoylglutamate» AT-p-nitro- 
benzoytglutemate^ or pterin carboxylate and G)u or GlUn in y 
or a linkage, were not inhibitory. Enzyme inhibition by pter- 
oyi-linked compounds and lack of inhibition by Glu or Glu<, 
suggest that an interaction of pteroylpolyglutamate hydrolase 
with the pteroyl terminus is required for subsequent cleavage 
of the 7*glutemyl linkages of the subatrate. The requirement 
for the 7 linkage b si4>ported by the studies with PtoGluaP^C] 
GluLeus» in which the terminal a linkage of Leui prevented 
cleavage and liberatioii of the label. Alternatively^ a spe* 
cifk requirement of brush*border pteroylpolyghitemate hy« 
droiase for terminal Glu could have prevented an exopeptidase 
reaction with this compound However^ others have shown 
that human liver pteroylpolyglutamate hydrolase is capable 
of cleavage of substituted peptides in 7 linkage but not in or 
linkage (15). 

The activity of purified brush-bordeT pteroylpolyglutemate 
hydrolase was unafiTected by the addition of p>hydroxymer- 
curibenzoate at concentrationa up to 0.5 mM. These data 
confirm a previous fincUng which used a lesa purified sample 
of the.eni^yme (4)« There was no inhibiUoD of pteioyipolyglu* 
taniate l^^drolaae activity in bruah-b^der membrane frag- 
ments by chelate* deozycho1ate» chenodeoiycholate, thdr 
gtycine or taurine <»>qjugate8 at conmitratkma up to 1.0 mM. 
These latteir date contrast with reaults of a previous study of 
the effect of bile adds which used a different assay method 
and mucosa containing both intracellular and brush-boider 
pteroylpolyglutamate hydrolase (16>. 

Metal Ion Effects on FteroyfpotygkUamate Hydrolase^Dl- 
alysis against 1 mM phenanthroline and 1 mM EDTA abol* 
ished the activity of the enzyme. The addition of 100 aiM Ni*^ 
Pe'*, Cd»*, Ca»^, Mn**, or Mg*-^ caused slight activation, while 
Hg**, Pb**, or Cu** had no effect on ptero^>o]yglQtamate 
hydrolase activity. Assays performed with Zn*^*^ or Co*^ gave 
the same level of activation with re^ct to metal ion concen- 
tration, witb 70% of the prediaboed enzyme activity restored 
at 20 iiM of each metal. The activattcm of the enzyme by Zn^^ 
at different fixed concentrations of PteGlu» ia shown in Fig. 
6. Velocity plots were sit^idal with respect to Za**" concen- 

- — i — I 1 1 r — —I : 
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Fio. 6. AcUyation of brush-border pteroylpolyglutamate 
hydrolase by Zn**. The mttia) velocitiee at varied concehuationa 
of Zvi** and different fixed concentrations of substrate were deter- 
mined in the presence of 0.13 u Nad using the stendard reaction : 
mixture. Prior to the assays^ the enzyme was treated with 1 mM 
EDTA and I mM phenanthroline, followed I9 dialysis to remove the 
chelators. 
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tration. At each concentration of substrata, there was a sharp 
increase in velocity at about 3 fiM Zn^\ and maximal veloci^ 
was achieved at 20 Zn**. Plots of p*' uersus [Zn'^J"* were 
curved with asymptotes intersecting at about 3 Zn'^ (not 
shown). The sigmoidaJ velocity plot patterns suggest a coop* 
eratlve activation (17) of brush-border pteroylpolyghitamate 
hydrolase by Zd*'*' and show that this metal provides sensitive 
control over the velocity of the reaction. 

Anion £//ece$— Extensive dialysis of pteroylpolygiutamate 
hydrolase against standard buffer minus sine reduced the 
activity of the brusb-border enzyme by 72%. Ninety-five per 
cent of predialyzed activity wss recovered with the additicm 
of 30O mM NaCU KCU or NaBr, and 85% of predialyzed 
activity was recovered with 300 mM NaNOa (Fig- 7). NaF 
Inhibited the pteroylpolyglutamate hydrolase activity present 
in the dialyzed sample. The addition of sodium d^-dimethyl- 
glutarate to the reaction mixture at concentrations up to 200 
mM had no etfect on Uie activity of the dialysed enzyme. 
These studies indicate that the activation of brush-border 
pteroylpolyglutamate hydrolase is not dependent on ionic 
strength and is increased in the presence of specific aniona. 

DISCUSSION 

Pteroylpolyglutamate hydrolases have been identified In a 
variety of tissues where they function In the conversion of 
intracellular polyglutamyl folates to the monoglutamyl derivr 
atives which appear in the circulation (IB). Intestinal mucosal 
pteroylpolyglutamate hydrolase serves, the specialized lunc* 
tion of digeatjTxg dietary pteroylpolyghitaomtes before their 
absorption* The role of the enzyme in folate absorption and 
metabolbm is poorly understood because of difiexencea In 
enzyme properties among species and anxmg different tissues 
within the same species. For example* pteroylpoly^tamate 
hydrolases purified with bovine (IS) and human (15) liver or 
from rat (19) and chicken (20) intestine are all soltibla en- 
zymes which have greatest aflinity for long chain polygluta- 
myl folates. Whereas both liver pteroylpolyglutamate hydro* 
lases act as exop^litidases (15, 18). each intestinal ens^e has 
been reported to act aa an endop^itklaae produdng ^tfaer 
PUGlu (19) or PteGhis (20) aa the initial prodhict of hydrolysis 
of PteGlur. SpeeifiB differences In the properties of pteroyl* 
polyglutamate hydrolase were further underscored fay the 
identification of two enzyme activities In human jejuxml mu- 
cosa, one bound to the bj\»h*border membrane with a neutral 
pH optimum and the other a soluble intracellular enzyme 
with an acid pH c^imum (4). Recent studies comparing 
intestinal pteroylpolyglutan^te hydrolase activities in differ* 
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Pig. 7. Effects of anions on bruab^border pteroytpolyglu* 
tamate bydrolase* The initial velociUes at varied concentrations of 
sails were determined with standard reactitm mixtures at 13 
PieGb|{^H:]GluL The eniQrme wsa axteasive^ dla^zed against sUnd- 
ard tKiffer minus sine prior to the essays* 



ent species indicate that the brush-border enzyme is also 
present in pig but is absent in rat and monkey (21 )» 

The present studies indicate that human jejunal brush* 
border pteroylpolyglutamate hydrolase is an exopeptidase 
which is activated by zinc and is specific for pteroylpolygln- 
tamates* The apparent moleculsr weight of 700»000 from gel 
nitration in the presence of Triton X-100 is considerably 
greater than that of 85,000 reported for soluble rat intestinal 
pteroylpolyglutamate hydrolase (19). Also in contrast to the 
rat jejunal en^me, the human brush-border enzyme has equal 
aflfini^ for PteGliu of different chain lengths (TaUe II). 
requires the pteroyi moiety, and clearly acts as an exopepti* 
dase. Recent data from our laboratoiy indicate that the solobte 
human jejunal intracellular pteroylpolyglutamate hydrolase 
is, by contrast, an endopeptidase that is capable of liberation 
of both rCjChi, and ["CJGlu from PteGlUjI^HDJGIu and 
produces a '^C«labeled compound from PteGiu)['H^]GluLeut 
(22). 

Correlation of results of the present in vitro studies of 
purified brush^border pteroylpolyglutamate hydrolase with 
data from previous clinical studies of the hydrolysis lind 
absorption of PteGlu,, suggests that this enzyme may play an 
essential role in the hydrolysis of dietary folates. Previously 
we showed thi^ the jejunial perfusion of Ptep^jGluGKu in 
human volunteers resulted in a spectrum of all pos^le labeled 
PteGlUa products and the progressive accumulation of 
Pte(*H:^JGlu (5). Incubating purified brush-border pteroylpol- 
yglutamate hydrolase with this compound yielded the aame 
spectrum of hydrolytic products in vitro (Fig. 4). The differ* 
ences in times reqt^d ISor the appearance of lab^ed PteGIu, 
16 h in vitro versus approximately 0^ h in vivo^ can. be 
accounted ibr by the small amount of purified en^me present 
in tlie in vitro incubation compared to the larger enzyme mass 
present in the intact euilace of.perftised jcgunum. Signifi* 
cantly, in vwo hydrolysis of Pte(*H:]GluGhi« occurred during 
human jq'imal perfusion at an intraluminal pH near 6.0^ whicb 
ia close to the pH at which brush-border pteroy ^ly^utamate 
hydrolase exhibits optimal activity (Fig. 2). In addition, sali- 
cylazosulfapyridine, an anti-inflammatory drug associated 
with clinical folate deficiency* is a competitive inhibitor of 
parUaUy purified bru8h4x»rder pteroy^lyglutamate hydro* 
lase (14) and also inhibits the in vivo hydrolysis of perfused 
Ptet**ClGluGlu« (23). The availability of dietary PuGlu«» but 
not PteGlu, is significantly decreased in human volunteers 
fed cine-depleted diets (24). These observations, together with 
the present data on the sine ieictivation of purifkd pteroylpol- 
yglutamate hydrolase (Fig. 6), suggest that both the activity 
of the biush-border enzyme and the availabiHty of dietary 
pteroytpolyglutamates are influenced by intesUnat zinc levels. 
It is less likely that intracellular mucosa pteroylpolyglutamate 
hydrolase plays sn initial role in folate digestion since its 
lower pH optimum and endopeptidsse activity (19) are incon- 
sistent with observations of the in vivo hydrotyns of PteGlu, 
in humans (5). Whether both enzymes are required for the 
absorption of dietary folates or whether intraceUular pteroyi* 
polyglutamate hydrolase serves other mucosal metabolic hinc- 
tions remains unclear. 

AcMnoufkdgmenU'-'W^ with to acknowledge the technical assist* 
ence of Joan S. Darmody and express our gratitude to CsHos Krum- 
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•nmmitia. ii«ftftXjiL to 

S. ClMn4lM, TboM» T« van*, mm^ Ch*ffl«« ■. MUtAd 



M«M« Um« t*9lf«4 fee %|M mcfteai »tM«*i<*. Mt«c v»»l»U« Hm J«iy*Al. 
MfMM U iM-coia Mlln* to ta« op*rstABt 9*—* tiw mam— «m smpietf 

wf «feta|««tf ffM MMtMOl*, om««i>Jial«*«, All* •«4a»# Mi4 Coll* #«|^ 

rt«ci«]r'^6iii&Mi} «•!• •yatbMiMa by • Miia pftM« m«i»* 'ui «^ v»t« 

co(imU««d ol ^ »«««10}|1^]C1«, M jiU ^l^^mtc ooli, 0.1 Ml siM 
•c«%«««r wttf fl.2> ft MCI la M M l,S-di»«kkyif l«»«uift* •« pC C.S M»4 ancyw 
t* 4 flMl volyfM of 0,7S *1« . » M 0O »i t bM»f«Mt«b vara mmma.j*4 im th» 
^CM«H« ^ 0.1T jii p-]kj>tfrMfwcettslb«*i*«t«, • cp i p a im d wbicji eo^Utaty 
Iftblblta laitacttUiilM rta bat wbicb tiM «♦ •efaee o* braab boetet rr« C4l« 
ifkcubMloa C«r M atAttfcaa at 19* e» raactiaa* »•» ««iaiAa^«« by AMtbf 
o.2> al at 10% tslehiAraaaaclo aol4« Daraactad a«ba«ra«a m« adaaibaa ttitb 
O.ft *1 ai 21 efcatcMl lb 0.1 m aoatu aeld. ACtar caatrKiifatiaa, |^*C|6ia 
ia ih« au^caata vaa «ia»»i«atad by llfitld aaiACtllat^lca couatinf* 
WfXlmtttmtj mkm*l— mIm) (^aiPtaCla a» I^VjCl'a la a»*r*»fUka 
c«acM%«*i.iaaa aba««J tbat ibc aaaay «oa44ci«a» taaaltad ia caapl««« 
adaacp^an of tba pcaxeyl boiaty vit.h ^aatltaciva saeov«cr of l^^lOlo lb 
«ha aupacaataot. Tha prascaea ol ftttofoaoU bUCll Ob TrttOb 1*100 or blla 
•eida la tba caa«aatca*laAa aao^ayad Oia not afC*e« «bax«oai blading, roc 
all ibitlal valwliy ao4 iab&bl«ioo atbOiaa, laaa than io% ai cba laoatiata 
iraa byOkolyssd tfactn^. tka laacfelea pariad* yrata(« coBaaotf atioaa %aca 
•aaaacad by fch* bradiorO ■■fcbaJ |0i» «uyM acMvlay la aapvaaaad mm 
alllinalta (a0btta) par bO pvotatb wfcara aba bOnlb la da<ina4 aa 1 ^»ala 
pcoaaeiA llba«ata4 pax blauta* 

inrifir ««*««***^ **».Atit«^*t.*«. |^ra««M«aJy »0 p 

oC Btjwad Jajonal aaaaaa »afa baaogaalaaO In M «■ »clb-cl .b<i((a«« p« y.o 
tao« ti*igb«/«oU^) . wotn« • aclbkaan rotytras b >i>aotbtw» faUbwad by 
«ac«a» filbrablao tbroagb ckaaaactotb* Cba broab boti«f ItaaiioM • vara 
ptaparaa by a ba4UUak|a« oi bfca pathoa «t Oebslts «fc •& (b]. Palta«in« 
caftcci(«9aKiaft af tba bbaogbbbto 1«,0»» m f f be IS binbiab, tba pallac ^ 



•mm ^A mS lb 450 ■! at 2 an Txla aad M ■« aaaaltai, pa 7.0. yiUa «aa 
fallaaaJ by Uia a4«ltiaa al »0 «1 ♦! lOb art CaClj ib M*a baffar. *f t«« 
•tIrrU* •« <* C lb» )b nii»a«aa« tba vaa aaatci'agaO at 2000 I 4 fax 

10 niabtao, and tba raaaltlj»« bvpacaata «aa aaakrlfayad at lo,000 X p 
alaataa. Tba pallafc »aa vasbaO 1« SO ol o< tba oom baftac astf caoaiitfKuoatf 
at 30«<O0 y f f ac >0 alsataa. fba apa*lfl« activity or aaeraaa (10> f tba 
braab botiar paU«* vaa *a<lcha« ll-<aSJ, »aaya<a<- to tba baaogaaata. Yba 
paUat wMM tbaa aaUbUla*^ l« 2b •! o< baCrax caatalblat •.»» Tiltea X-lOt^ 
10 all Trla-Cl« 0.0 11 »bC2« 0.1 «ii atao acatotar «ad t an 2«»atcaptoathaaal at 
pp y,o« Utar btl<«ib« b« 4* C far SO wlbbtab «4 cabttifatoUab at 10,oob I 
9 tot )0 bImiM* m vab tbcovbrad lb. ta* f Ubl ObpacMfcb. 

" n>i.*<*f — '•hrmitfturbplnf * y apl a<iphaaarlbarrMty 

bbptonab Oblabb im* eobaeracKbd Oil 1» bxtec t* bap«rbi* %]la %m intObbtbAl 
ObsyMO by adaorptlob bf la U brbl lb lir W9m ms f beUa«« CMtkar 
pacificaUoM at bcoab bbsdac ffpft, ttb cblob (I I M Ob> wte •qblllbibtbi 
wltb bvflax eo8balal09 M bll *vlb-€S, b.o a MbCl, 0.1 ^ 01n« b**tata« » M 
3-ba<oap«Mthaaal, aaa 0*tb «tlb«b V-ioa bb pa Afbat ap^Usatlab of tba 

tzltaii>aolablll«*4 aopa^Mb* ba tba «olaa», l^rboa bbcdar Wm apffMcaO batMM 
to and «5 al a( aiiufta a«4 poolad. ffblb' btie raa^t^i lb tba aa^ata 
ea«l<iaiab af latr«<all«lar pyp, ta bho«« toy aba ana* at lablbltlob at tha 
clataa pya activity by p-bydMsybaxoMibaasoaba* 



?*^r— MlH^**^ *^*>'"^tf*g'*^ny b bCbb-aallalaaa caOttan Cl.S X » cat 
vaa aqulUbxatad vitb baC^aa eo»taiBlA« 10 Ml -rtla^, 0.1 «b »la« a«atata« 2 
ai^ 2-aafccptaatbaaol. aad O.la Yxltaa X-100 at pi l.S, baraaftaf <aiacx*4 t« 
aa a««ada<« baf iaa. Mtaa iMT»i* aoaUat 1 aaa luaf voiua»a al boifa^, 
^hm ax9«*aaa<eaKlal colnM poal waa appllad to tba bbliC^llulaaa aalow aad 
aaabad altb I9O ml of baifav. Oalnp • 400 aO. •xadloRt al 9 to 0.2 b baCl la 
ataodaii btt«at« tru wa* alatad at a taba of 1 «1 par aluato a«« ^paazaJ 
babiMob M bad 100 bl of tbb fndlaM. 



fit! tilttftiob ma ■iHfloT rtloht tfita falM^tnu. na bCbK-«aiiaio*a 
caluMi pbOA vb* dlblybb* bOblMbt bblf ox aa daaastbaO abova, faU»««40 . by 
oab«4ab<«U«» ab b 2 •! oalawi bC aM-«aJlaIeba aai aXotloa vltb 0.5 41 KaCl 
1» btantara bbMoi. Aa tavbltla* 5 bo 0 bl oaa^la aaa appliad ta a blaOal 
Al.aa Cblaab CS X 100 «b|« wUcft Mb aqptUlbfotad vltb battax caataialag «*! 
it bad** ISA ml Iraaaiaaa vara «alla«ta« wltb • flaw 'rata mt 10 sl/br. tlw 
pcotalBs BSbd aa ■blbcblar wlgbfc bUMardb vocb ttvcbglbbttllb CfOO,000>« 
rottftOU (449,0*0) « bbtblbbb U5»«BM1« aldblbbb U>l,00ai# ««« bwrlba aatbb 
albimiji t<Tt009>» bibb Dasbxbb SOOO aa* [^•c]«lv vwo baa« ibt vaM volaaw 
oBb total oaiaM kartbcb, aa a pa at laa-ly. 



ClAjtACTOtl tkTjMm or bMPft aOKUKft pt« 

Baaplaa ot tha parifiad aaayM (4 /if) vara aaalytad by 80b*os«a »bCK 
Clal aalaf 4t po2y««xylaalda aJao ^ala, Pia p«la vaxa ataiaad vltb «.05t 
OaoMaala brilllaat blaa AIM la ibt aeatia aaltf aa4 50% aatbaaal at «il«ac 
ataiaad (1», tba laoalaaixlo yelat ar »p« la tJ» Otafr<«allul«aa pool vaa 
dotaralbbd wltb u» Wb laoalaotcle faauaiao «oli*aa» (lio al) ualni a 0 to 401. 
aoaraoo 9radlaa« a«d It «apboJyta« p« i ta 0. A<t»x c^Uibcatiaf> fox 14 bx 
bt 1 «bbp« tba ooUaft vaa alatad anO 1 al /ractloaa aara aallactad. Tba po 
Mid taaporfttarb dapaadtboa of Oyp activity mtS otibllUy wara aaaaoiad avag a 
■ xaafa af cObdUlaab*. 
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|iyaroJy*l» *Aa ol l«b«l*« pcedwct* of n«J*^C]elu«3o| bytfralysis. To 

d«t*riklM ttb«tM< yfH !• «Ap«i^i« vf'cltavlBf tak«rn»l llAl^»f««, It* Aotiviky 

<l.9 M«. flU) •* •ub»t(*tt* Th« llntUo coD4t«At4l «f Hyd£o]r*U 
dtt«i»tnH 4y ••**ttrift9 InUUl v«JoeJtl«t •! vsiltd co»c«atmie<» of 
rtaOJoj I^^Cieitt. Tte •/r»cc« of slutaa&M ctoin Itoftk oo vrm •cli^ltf 
• tiidi«d by M««i»tiH thm ioltlAl «*lecity »l VtttCla^C^^Cjc'U liydt«lirtl« U 
CM prM«iw« of 41ff«xMt ri««d coAe*jktr«tl«f>» of Pt*GJ« CO «ft 14 , 
rtoCio, 46 to 10 ^A), Olid rt«Cl»7 (0 to 12 ^).. M *1oO atodlvd cb« *ff*ok« 
e( v«KiOtto ooUtUo of rt«ClU|^ on twumh k^rdor ¥9it Mtivity. Bosyoo octlvity 
«oo M00UV04 %V 4 /Ul Of Y^vClOji^'*^)^^* ''^ o< FtoClo* 

5<<«)-]l4»toC|v« S-OO-O^rtoClu, 6lo. T-Cl02# •'-ClO], •-«aaj« »-o»l»o^A»ootOr 
«i-bofltefl*iot«aoto» M-»-4»IMbooioyi«lot,«Mto« ■H9*«itieo«aMya«liitMMto» of 
ptotla cMboiylot*. 



tlio •ffect* ol »o«io«o chtipitm m FFV Mtiylky voro ttudlod oaiAt «Bty«>o 
diftiyMd k«*titot loa oi of a\4«4a<d »«|fo« oUua tiw, ooatolaiiiff 1 aa 
^KMMitbiolino kf»A I BM». Aft or fstonflvo dlolyola tw r«aovt tho 
tf)Mlatoro< otoadord ooooy* woto ^trfotaod ^Lth tbo addition of 0.02* 0.10, 
«nd 1.0 oil concontifttiotko of t|M oHlortdo oaXto of Xn**» Co*', Ml^^i f*^, 
C»*2, HA*', rW, c«*', oAd M*'- «m%alo oeU woo ooUtH fioa 

tho rooctloa alfttaroa to ovoid pottatiU ehojotto* of tb* oddod Mtolo, Tho 
•ffoeto of dlfror<at oaIOAO or 9Wm acllvlty voro ttodiod ntlM wm*ymt 
diolltod ogaXaot oiAiitf«<d bnfCos aiaoo olao. tm oottvlty woo ooaayod u\Xh 
th* oddltloa of woclod coM«nt«atio«a |d,l to O.J «] of llaCl» CC2# Mi^ Mi 
n^MOy ood M-]«J-diootl9l«ttt%oiata la tbo aMonoo of addtd ID^*^. To coafJra 
ib« pcooiooo obootvatioa that p-tiydroay««<c«f Iboaaoata lo bat tablbltoty, th* 
*ff«ct of voKiob* eoaoonttatloao of ^blo «o«p«uid (d.0> to d.S mm oa tbo 
•ctltruy of tbo ^clfiod oa«y#a ooo ot«dl*d« tbo olfoota of cbolato, 
OoosycboUtt oad cbo«Ad«Mycb*lato and ibolc fiyelno o«d toutiao OM^otoo 
00 PM oo^ivity w«ro otydlod «aift« Aoa*aa]«blll«od brwah boxdOf saatoiaaoa la 
tbo atoodacd coaettoa aiatoro «lt^ d ftm rtoftla^t'^ieta. tbo dlffofoat ftllo 
aoldo Mto addod at ooMonttottoM «C 9,91* 9.1 Md l.d 



